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Abstract—Previous investigations have suggested that beta-adrenoceptor-mediated responses were
decreased in uremia. To evaluate this phenomenon further, beta,-receptor density in mononuclear cells,
plasma catecholamines and plasma parathyroid hormone were studied in two groups of normotensive
patients: group U, twenty-five chronic uremic patients with end-stage renal failure; group C, twenty-
eight control subjects. Each group was divided into three age and sex-matched subgroups.
Beta,-receptor density was determined using(—)'> iodocyanopindolol. Despite a significant increase
in plasma epinephrine in the group of uremic patients, there was a significant increase in beta,-
adrenoceptor density. On the other hand the uremic state did not influence (-)'* iodocyanopindolol
binding affinity and plasma norepinephrine. Parathyroid hormone, as expected, was significantly elevated
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in all the uremic subgroups.

It can be concluded that the uremic state is associated with an unexpected upregulation of beta,-
receptor density in mononuclear cells. The role of an endogenous beta-blocking substance is suggested.

Abnormalities in sympathetic nervous system func-
tion have been reported both in uremic patients and
in animals with experimental uremia, {1, 2}. Uremia
is characterized by a decrease in beta-adrenoceptor-
mediated responsiveness [3-5]. This desensitization
could be explained by a variation of beta-receptor
number or affinity.

Radioligand binding assay have led to the dis-
covery that the number of beta,-receptors on the cell
surface was regulated by a wide variety of cir-
cumstances, including therapeutic interventions and
disease [6].

This study was performed to assess the alteration
of beta receptors in mononuclear cells (MNC) during
end stage chronic renal failure using a radioligand
(~)'* iodocyanopindolol ({(—)'* ICYP), with a very
high specific radioactivity (= 2000 Ci/mmol). The
beta,-adrenergic receptor in MNC is a convenient
model to study {7-9], since MNC are easily available
in relatively purified form. Although the number of
beta,-receptors reportedly varies according to the
different human lymphocyte subpopulations [10],
there is no difference in circulating lymphocyte T
subpopulations between hemodialyzed and control
subjects [11,12].

(—)'®ICYP is characterized by its specificity for
the beta receptor together with a high affinity con-
stant [9] and a lack of selectivity for either beta; or
beta, subtypes. Its binding parameters, concen-
tration of binding sites per mg of protein (B,,,,), and
the corresponding dissociation constant {Ky) were
measured after incubation with MNC homogenates.
Because of the interaction between beta-adreno-
ceptors and beta-adrenergic stimulation {13}, plasma
catecholamines were determined simultaneously.

MATERIALS AND METHODS

We compared MNC betay-adrenoceptors in
uremic and control subjects using a radioligand bind-
ing technique. At the same time, plasma epinephrine
(E), plasma norepinephrine (NE) and plasma para-
thyroid hormone (PTH) were determined. All the
subjects gave written informed consent.

Patients

Twenty-five normotensive (diastolic blood press-
ure < 90 mmHg) chronic uremic patients {group U)
treated in the same department for varying lengths
of time (extreme: 6~114 months) were investigated.
The clinical characteristics are listed in Table 1:
twenty-two underwent stable and regular hae-
modialysis, two or three times weekly, and three
were treated by continuous ambulatory peritoneal
dialysis. The patients were age-matched in their sub-
groups: group U; (mean age: 27.3 % 1.6 yr, mean
blood pressure: 128.1 *5.4/74.1 + 4.9 mmHg);
group U, (mean age: 57.5 + 4.7yr, mean blood
pressure: 131.4 = 3.2/76.3 + 3.0 mmHg); group U,
{mean age: 71.0=0.9yr, mean blood pressure:
125 +4.3/70.2 + 3.7 mmHg). None of the uremic
patients had cardiovascular disease as detected by
physical examination and echocardiography. Blood
pressure was taken as the average of at least three
separate measurements in supine position. None had
diabetes mellitus, All subjects were within 10% of
their ideal body weight (Metropolitan Life Insurance
Company Table, 1959). The patients were taking
only phosphate-binding agents and vitamin D. They
were on normal diet except for moderate salt and
fluid restriction.
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Table 1. Clinical characteristics of the uremic patients

Duration of

Group Age SBP DBP treatment
subjects (years) (mmHg) (mmHg) (months) Treatment Sex

U,
BLI. N 22 132 82 72 H F
LUC. B. 24 110 61 38 H F
CHE. C. 26 116 84 60 H F
SER. J. 31 113 60 40 H F
RAB. P. 29 140 71 86 H M
MAR. P. 32 138 87 94 H M
Mean 27.3 128.1 74.1 65
+ S.E.M. 1.6 5.4 4.9 9.5

U,
VER. L. 45 140 78 58 H M
HER. M. 52 140 90 50 H M
RET. L. 54 132 66 114 H F
LER. E. 55 120 72 26 H M
RON. P. 59 128 68 98 H M
BOU. J. 61 108 58 87 H M
PER. A. 62 138 84 6 H M
JOC. J. 62 136 90 34 H M
LES. L. 62 144 82 82 H F
GOY. F. 64 136 78 6 H F
PAC. R. 57 124 74 88 H M
Mean 57.5 1314 76.3 59
+ S.EM. 4.7 3.2 3.0 11.3

U,
CAP. L. 71 140 90 6 H F
BER. M. 72 110 68 101 H F
DRO. R. 72 136 80 18 H M
SEN. A. 74 114 64 38 H F
HEL. P. 74 136 74 69 H M
REV. D. 66 114 62 16 APD F
NOU. MI. 68 118 60 34 APD F
QUE. T. 71 132 64 17 APD F
Mean 71 125 70.2 373
+ S.EM. 0.9 4.3 3.7 11.4

SBP: systolic blood pressure, DBP: diastolic blood pressure, H: haemodialysis, APD = ambulatory

peritoneal dialysis.

Twenty-eight healthy control subjects were stud-
ied concomitantly. They were also alloted to three
comparable subgroups as to age and sex: group C;
(mean age: 27.1+1.1yr, mean blood pressure
123.7 = 3.5/80.0 = 2.4 mmHg, 5 males, 6 females);
group C, (mean age: 52.5+1.9yr, mean blood
pressure: 133.0 + 2.7/74.4 + 3.1 mmHg, 6 males, 4
females); group C; (mean age 78.5 £ 1.5 yr, mean
blood pressure: 120 = 5.2/65.7 = 4.6 mmHg, 3
males, 4 females). They had taken no medication at
least 3 weeks before the study.

All uremic patients and control subjects were
investigated between 8 a.m. and 11 a.m. over a
period of ten days. The hemodialysed patients were
studied just before the dialysis session. After at least
a six-hour fast they were confined to bed rest
throughout the study and were allowed no smoking
or xanthine-containing beverage for twelve hours.

A 19 gauge “butterfly” needle was inserted into a
peripheral upper extremity vein (controlateral to the
arteriovenous fistulae for the uremic patients) and

kept patent with a slow drip of 0.9% saline. After
an equilibration period of 60 min, two baseline
samples of blood (5 ml) for E and NE were drawn
at 10 min interval. Three blood samples were then
collected, respectively for PTH (5 ml), total calcium
(5 ml) and for MNC separation (40 ml).

Determination of plasma catecholamines

Blood samples were drawn in chilled plastic tubes
on lithium heparinate and kept permanently on ice
until centrifugation at 4° for 10 min. Plasma was
stored at —80° for later determination.

Catecholamines were measured, according to
Brown and Jenner [14], by double isotopic enzymatic
assay with a sensitivity of 1.5 pg/ml for both E and
NE. The coefficients of variation were 3.1%
(420 £ 13) and 3.3% (80+2.6) for NE and E
respectively (intra-assay) and 4.2% and 4.5% (inter-
assay). However, the coefficient of variation for low
values of epinephrine was slightly greater, i.e. 10%
(25.1 £ 2.5).
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Plasma parathyroid hormone

PTH was determined with an anticarboxyl ter-
minal antibody, according to Franchimont et al. [15]
by radicimmuno-assay with a sensitivity of 1 mUI/
ml. The coefficients of variation were 20.2%
(17.5 % 3.5) and 23.6% (1.9 * 0.4) for high and low
values respectively (intra-assay) and 21.9%
(10.6 = 2.2) and 9.4% (3 % 0.2) (inter-assay).

Radioligand binding assay

Materials. (—)»ICYP was supplied by Amersham
International and (%) propranolol was obtained from
ICI Pharma. A suspending medium (A) containing
Tris HCl (25 mM), NaUl (120 mM), KCl (5mM),
MgCh, (1 mM), CaCl; (0.6 mM) and glucose (SmM),
was adjusted to pH 7.4. A buffer medium (B) con-
taining Tris HCl (50 mM), NaCl (14mM), KCl
(5.4 mM), CaCl, (1.8 mM) and MgC12 (0.8 mM) was
adjusted to pH7.4 with 1N HCl at 37° for
incubation studies and at 0° for washing the mem-
brane preparations.

Separation of mononuclear cells (MNC). Blood
was drawn into syringes containing heparin and
centrifuged for 10 min at 20 g. The layer of platelet-
rich plasma was removed. The lower layer was sub-
jected to Ficoll-Hypaque centrifugation for 40 min
at 400 g at room temperature, using the method
of Boyum [16]. The MNC were recovered at the
interphase and washed three times with medium A.
Then they were stored at —80° for Iater
determination.

After this storage the burst MNC were homo-
genized in a Potter-Elvehjem glass homogenizer with
three strokes by the motor-driven Teflon pestle.
Total protein concentration of the homogenate was
determined according to Lowry {17].

Beta-adrenergic receptor binding assay

Binding studies were performed in medium B.
MNC preparations were at a final concentration of
0.015mg protein per ml. Twenty different con-
centrations of (—)ICYP ranging from 1072 to
8.1071'M, with or without 10~¢M propranolol were
used in a final volume of 500 ul; The equilibrium was
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obtained after 75min at 37°. Reaction was then
stopped by immersion of all tubes in ice and samples
were rapidly filtered under vacuum through What-
man GF/F glass fiber filters. Each filter was washed
twice with 10 ml of medium B used as washing buffer.
Radioactivity was determined in a scintillation spec-
trometer Packard Tricarb 460 CD. Specific binding
was defined as total bound radioactivity minus the
radioactivity not displaced by 107M propranolol.
The two parameters, B, and K, were estimated
using a previously published method [18).

Statistical analysis

Comparability of subgroups as to age and sex was
checked using the chi, test. Results are given as
means + S.E.M. Comparison of control and uremic
groups was performed using biological and phar-
macological data, by means of two way analysis of
variance and Fischer’s test. Subgroup means were
compared by Student’s ¢ test based on the residual
error term estimated by analysis of variance.

RESULTS

The results are summarized in Table 2.

Under basal conditions all subgroups of uremic
patients exhibited significant higher E compared to
control subgroups (Fig. 1A). By contrast, NE was
not significantly different between uremic and nor-
mals, except in the uremic middle-age subgroup
(group U,), which demonstrated significantly higher
levels (Fig. 1B).

As expected, the mean value of PTH of each
uremic subgroup was significantly higher than in
control subjects (Fig. 1C) while total plasma calcium
did not differ significantly (data not shown).

As shown in Fig. 2, Scatchard analysis of specific
(—)*¥ICYP binding experiment data resulted in lin-
ear plots, in control subjects as well as in uremic
patients, indicating in both investigated groups the
existence of a homogeneous population of beta
adrenergic receptors in human lymphocytes. B,
was significantly increased in the uremic patients
except in the younger subgroup (group U,) where it

Table 2. Plasma determinations and (—)*ICYP binding parameters of each subgroup in both uremic (group U) and
control populations (group C)

CG(N=1) U(@N=6 GCN=10) U®N=1) GC(N=7 U(N-=8)
E 0.071 £0.009 0.136 =0.018 0.057+0.006 0.119+0.015 0.049+0.003 0.081 * 0.006
ng/ml* P < 0.001 P < 0.001 P <0.05
NE 0.551+£0.074 04560056 0.577+0.044 0.883+0.113 0.716+0.141 0.557 £ 0.072
ng/ml* NS+ P <0.01 NS
PTH (COOH) 29+02 10.1+1.5 31202 6.8+08 3.5+0.2 72+04
mUI/ml* P < 0.001 P < 0.001 P <0.001
B 15.29 + 1.87 21.18 = 4.86 17.56 £ 3.02 27.73 £ 3.11 1742 +2.02 29.12+3.34
fM/mg protein* NSt P<0.01 P<0.02
Ky 6.6 0.7 7.4x0.7 7.9 = 0.09 8.8+09 2.8+1 831
pM* NSt NSt NSt

* Mean = S.E.M.

+ NS: non significant.
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Fig. 1. Comparison of plasma epinephrine (A), norepinephrine (B) and parathyroid hormone (C) in
each subgroup of both uremic (@) and control populations (O). Each subgroup value is the mean +
S.EM.
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20 30 B
Fig. 2. Scatchard-plot of specific (—)'*ICYP binding. The
ratio B/F of specifically bound (—)*ICYP (fmol. mg of
protein) to free (—)'*ICYP (pM) is plotted as function of
B: specifically bound (—)**ICYP (fmol./mg of protein).
Each plot represents the scatchard-plot of one subject
chosen in the different subgroups of the control and the
uremic patients: A, C;; O, Cy; 0, Cy; A, Uy;; B, Uy @,

3.

did not reach statistical significance (Fig. 3). This
increase in By, reflects a rise in the total pool of
beta, receptors in MNC. By contrast, the dissociation
constant (Ky) did not differ significantly between
uremic and control subjects. Chronic renal disease
is therefore associated with both an increase in E
and in By,,, (Fig. 4A). Despite the lack of significant
relationships, By, has a tendency to decrease with
increasing levels of E in the control group. No sig-
nificant relationships were found between PTH and
Bax (Fig. 4B).

Group C, (N:=11)
Group U; (N:6)

Group c, (N=10)
Group U, (N=1 1)
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On the other hand, in our experimental conditions,
E decreases with increasing age in the control and in
the uremic groups. In addition in the control group
there is a tendency of NE to increase with age.
Nevertheless, age had no significant influence on
these parameters. In the same way age did not
alter the binding parameters of (—)'?ICYP in both
groups.

DISCUSSION

It has been reported that plasma catecholamines
are elevated in patients undergoing chronic hemo-
dialysis [19-21]. In our study, E in the group of
uremic patients was significantly higher whereas NE
was not significantly different compared to the values
observed in control subjects, except in one subgroup.
These results are in contrast with a previous work
which showed lower catecholamine levels under simi-
lar conditions [22]. The differences in meth-
odologies of the assays used by the various lab-
oratories and probably other factors may account
for these differences. In our study, ali the uremic
patients were normotensive and were age and sex-
matched.

In our study, age did not significantly influence
catecholamine levels or beta;-adrenoceptor density.
In the literature, these two parameters are described
as respectively slightly increased or unchanged with
age [23-25].

Data from the literature show that an increase in
plasma catecholamines is associated with a decrease
of adrenoceptor density, a phenomenon -called
“downregulation” {13]. Previous works have
reported that the number of beta, and beta,

Group C3 (N:=7)
Group Uy (N:=8)
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Fig. 3. Comparison of B, of each subgroup in both uremic (@) and control (O) populations. Each
subgroup value is the mean = S.E.M.
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adrenergic receptors may be independently regu-
lated by endogenous catecholamines. Although a
significant relationship has not been shown between
leukocyte beta, adrenergic receptors density and cir-
culating levels of E and NE in normotensive subjects
[13] other studies have demonstrated that patho-
physiological levels of NE down regulated the beta;
and not the beta, subtype [26-28]. This implies that
E has a more pronounced regulatory effect on the
beta, subtype. Despite elevated E, we observed a
significant and unexpected increase in beta,-adreno-
ceptors in the uremic patients. These facts suggest
that the downregulation in beta,-adrenoceptors is
impaired in uremia, possibly due to an altered
relationship between catecholamines and adrenergic
receptors.

Furthermore uremia is characterized by a decrease
in beta adrenoceptor mediated responsiveness [3-5],
suggesting a decrease in beta-adrenoceptor function.
Cyclic AMP levels in lymphocytes in response to
isoprenaline stimulation is diminished in patients
on maintenance hemodialysis {29]. Therefore it is
possible that a uremic toxin modulates the number
and response of beta-adrenergic receptors and that
this toxin impairs the downregulation of the beta
receptors by catecholamines. Accordingly, human
subjects treated by beta antagonists such as pro-
pranolol demonstrated mostly upregulation, leading
to an increase in beta-adrenoceptor density
{8, 30, 31].

T. SOUCHET et al.

The elevated E in the uremic state contrasts with
a surprising upregulation of beta-adrenoceptors, an
interaction comparable to what is observed during
beta-blocking treatment. On the other hand beta
antagonists have been demonstrated to increase both
E and NE in normal volunteers [32], a phenomenon
due to a decrease of catecholamines total body cat-
echolamines clearance by 60% [33], suggesting a
comparable situation in terms of catecholamines and
beta-adrenoceptor upregulation between uremia and
beta blockade in man. Therefore, the role of an
endogeneous beta-blocking agent during chronic
renal failure is suggested.

Although beta,-receptor density is increased, the
dissociation constant of (—)'*’ICYP is not impaired.

The uremic toxin thought to interfere with the
beta-adrenergic response has not yet been clearly
identified. Previous studies, however, tend to prove
that PTH might play a role either indirectly by pro-
ducing metabolic changes, or directly via an effect
on beta-adrenoceptors. In fact, in vitro studies have
demonstrated that the depressant effect of pro-
pranolol on myocardial contractile force was sig-
nificantly inhibited by ultrafiltrates of uremic patients
with severe hyperparathyroidism [4, 5]. Moreover,
synthetic (1-34) and (1-84) PTH reduced the effect
of beta agonists or antagonists and induced a positive
dose-dependent chronotropic effect on cultured rat
myocardial cells [4,34-36], suggesting an intrinsic
sympathomimetic activity. In uremic patients, the
hyperparathyroid state is associated with an altered
heart-rate responsiveness to isoproterenol [3] and
parathyroidectomy is followed by a significant
improvement in left ventricular ejection fraction
{37).

None of our uremic patients developed severe
secondary hyperparathyroidism, but all of them had
a significant increase in parathyroid hormone. How-
ever, the absence of a significant correlation between
B, and PTH suggested that other factors might be
involved in the altered regulation of beta,-receptors
during chronic renal failure.

From our data, it can be concluded that the uremic
state is associated with an impaired regulation of
beta,-receptor density in MNC.

If receptor density measured on human MNC
reflects receptor density in other tissues [38], our
findings contribute to the understanding of altered
adrenergic responsiveness during chronic renal
failure.
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